1. Introduction
===============

Choriocarcinoma is a highly malignant epithelial neoplasm, which is characterized by rapid growth with a strong potential for hematogenous metastasis. The primary source of this neoplasm is difficult to be identified when hematogenous metastasis occurs in the early stage.^\[[@R1]\]^ Choriocarcinoma can spread to various organs and cause aggressive complications. One of the most aggressive complications is pulmonary embolism (PE). The diagnosis of PE caused by metastatic choriocarcinoma is challenging and often delayed or even missed due to nonspecific, insidious presentation.^\[[@R2],[@R3]\]^ Although the morbidity of this condition is low, it carries a significant mortality if not treated appropriately.^\[[@R4]\]^ Currently, the standard treatment for this condition involves chemotherapy, thrombolytic therapy, and thrombectomy; their efficacies remain to be improved. Here, we report a case of choriocarcinoma presenting PE as the first manifestation in a young woman who showed temporary improvement following chemotherapy but died of progressive disease. We reviewed 25 similar cases reported between January 1959 and December 2016 in PubMed and China National Knowledge Infrastructure (CNKI) database, and summarized their clinical features and treatment outcomes.

2. Case report
==============

A 26-year-old Chinese female was admitted to our hospital with complaints of cough, expectoration, and night sweats for 4 months. Four months before admission, she had been diagnosed with bronchitis in a local hospital and treated with antibiotic agents without improvement. The cough continued while she began to experience shortness of breath during routine activities. Four days before admission, her chest radiography revealed patchy infiltrating shadows in both lungs, especially in both lower lobes. Due to these findings as well as her residence in the tuberculosis endemic region, she was suspected of having pulmonary tuberculosis, and thus prescribed anti-tuberculosis drugs. Following this treatment for 3 days, some adverse effects appeared, including nausea, vomiting, anorexia, and aggravated breath shortness, and therefore, she was admitted to our hospital on August 9, 2016.

Physical examination revealed body weight of 51.5 kg, pulse rate of 100 beats/min, respiratory rate of 25/min, and blood pressure of 88/60 mm Hg. Although without cyanosis, her breath became harsh symmetrically and respiratory murmurs were weak in both lower lungs. Blood test showed a white blood cell count of 1073/dL, hemoglobin 114 g/L, and platelets 39,900/dL. Mild liver dysfunction was suggested by elevated levels of glutamic-pyruvic transaminase (54 U/L), glutamic-analectic transaminase (80 U/L), and total bilirubin (40.1 μmol/L), and the reduced level of serum albumin (30 g/L). Coagulation function tests revealed a prothrombin time of 17.5 seconds, and an activated partial thromboplastin time of 37.1 seconds, with a significant increase of D-dimer to 5.38 mg/L. Serum brain natriuretic peptide (BNP) increased to 8440 ng/L. The levels of serum cancer biomarkers, including cytokeratin 19 fragment antigen 21-1, carcinoembryonic antigen, neuron specific enolase, squamous cell carcinoma antigen, and pro-gastrin-releasing peptide, were all in normal range. Serum tuberculosis antibody was negative, and acid-fast bacilli staining of sputum smears collected in 3 different time points were all negative. Echocardiography displayed right atrial and ventricular enlargement, pulmonary hypertension (up to 81.6 mm Hg), and severe tricuspid regurgitation. Ejection fraction was normal and heart wall beat normally.

On the first day of hospitalization, the patient received nasal catheter oxygen inhalation at 3 L/min to treat her tachypnea. The arterial blood gas levels were all abnormal, including pH = 7.462, PCO~2~ = 20.3 mm Hg, PO~2~ = 66 mm Hg, BE = −9 mmol/L, and HCO~3~^−^ = 14.5 mmol/L. On the next day (August 10, 2016), spiral computed tomography (CT) pulmonary angiography (CTPA) revealed complete occlusion of right pulmonary artery, leading to PE. Considering her low body weight, a half dose (50 mg) of recombinant tissue plasminogen activator (ACTIVASE rt-PA) was administered intravenously for thrombolysis,^\[[@R5]\]^ complemented with anticoagulant therapy by subcutaneous injection of low molecular weight heparin (LMWH, enoxaparin, Lovenox) at 40 mg every 12 hours, followed by oral warfarin of 2.5 mg once daily.

To seek the cause of PE, we interrogated the patient again. She denied smoking or the use of oral contraceptives, but reported a history of 4 pregnancies with 2 abortions. The latest pregnancy occurred 3 years ago, and long-term use of condoms contraception. In addition, she reported a history of irregular vaginal bleeding for 1 month. We conducted additional tests in local hospital, including the thrombophilia index, which was normal; ultrasound examination of our hospital on August 10, which showed no evidence of venous thromboembolism that might lead to PE; and ultrasound and enhanced CT of abdomen and pelvis, which excluded intrauterine pregnancy and extrauterine pregnancy. Nevertheless, serum beta-human chorionic gonadotropin (β-HCG) was significantly elevated (128,575.77 IU/L) while progesterone decreased (0.93 ng/mL). Five days after thrombolytic therapy, a follow-up CTPA and echocardiography did not find clear improvement in PE, implying a poor response to thrombolysis. In addition, chest CT showed deterioration of pulmonary lesions in the lower left lobe, including an increase in the number and size of lesions (Fig. [1](#F1){ref-type="fig"}).

![Chest CT images of a patient with choriocarcinoma accompanied with pulmonary embolism. (A) CTPA revealed complete occlusion of right pulmonary artery on admission (August 10, 2016). (B) Chest CT on August 10, 2016, showed pulmonary nodules in the lower lobe of the left lung. (C) CT scan on August 15, 2016, showed deterioration of pulmonary lesions in lower left lobe, including an increase in the number and size of pulmonary lesions. CT = computed tomography, CTPA =computed tomography pulmonary angiography.](medi-96-e7866-g001){#F1}

On the basis of a multidisciplinary consultation meeting, gestational trophoblastic neoplasm was highly suspected as the cause of PE in this patient. We further excluded the possibility of mole abortion and invasive hydatid disease by reviewing her medical history and performing abdominal and pelvic-enhanced CT examinations. A diagnosis of choriocarcinoma accompanied with PE was established based on a combination of clinical and laboratory findings following the criteria formulated by the International Federation of Gynecology and Obstetrics (FIGO),^\[[@R6]\]^ and the guideline of European Society for Medical Oncology.^\[[@R7],[@R8]\]^ Subsequently, the patient was given the high-risk EMA-CO (etoposide-methotrexate-actinomycin D-cyclophosphamide-vincristine) chemotherapy regimen. On the second day of chemotherapy, her dyspnea aggravated and required noninvasive ventilation. Two days after the end of chemotherapy, her dyspnea improved and the ventilation was discontinued. Serum β-HCG decreased to 10,946.67 IU/L (Fig. [2](#F2){ref-type="fig"}) and pulmonary artery systolic blood pressure decreased to 64.7 mm Hg with echocardiopraphy (from 81.6 mm Hg on admission). Unfortunately, bone marrow inhibition (degree II) was noted and her Karnofsky Performance Status (KPS) score decreased to only 50.^\[[@R9]\]^ She was not given an additional course of chemotherapy and discharged. Ten days after discharging, she died at home.

![Dynamic changes of serum β-HCG during course of choriocarcinoma with pulmonary embolism disease. The hatched bar indicates the period of chemotherapy with EMA-CO.](medi-96-e7866-g002){#F2}

3. Discussion
=============

We searched the PubMed and CNKI database for articles published from January 1, 1959, to December 31, 2016, using the terms "choriocarcinoma" and "pulmonary embolism." The search resulted in 17 articles in English, ^\[[@R2],[@R3],[@R10]--[@R24]\]^ 3 articles in Chinese,^\[[@R25]--[@R27]\]^ and 1 article in Japanese,^\[[@R28]\]^ in which a total of 25 cases were reported (supplement Table). The characteristics of choriocarcinoma accompanied with PE in these cases are summarized in Table [1](#T1){ref-type="table"}. The mean age of these cases was 31 years (ranged 22--51 years). The most common manifestations were dyspnea (20/25 or 80%) and chest pain (15/25 or 60%). Other manifestations included cough, hemoptysis, and fever, which occurred in 24% to 44% cases. About half (48%) of these cases had a history of spontaneous abortion. The mortality was about 32% (8/25), and the average time for diagnosis after the onset of symptoms was 5 months.

###### 

Characteristics of 25 cases of choriocarcinoma accompanied with pulmonary embolism in the literature.
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The prognosis and treatment outcomes varied among previous reports. Complete recovery was reported for 17 patients, while 8 patients died during hospitalization. We evaluated some factors that might influence the outcomes (Table [2](#T2){ref-type="table"}). Strikingly, all 17 patients (100%) with complete recovery received chemotherapy, while only 2 of 8 patients (25%) who died during hospitalization received chemotherapy. These observations support the potential therapeutic benefit of chemotherapy in the treatment of choriocarcinoma with PE.

###### 

Comparison of characteristics between patients with complete recovery and those with progressive development.
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The case we reported here illustrates the challenges in diagnosing choriocarcinoma when it first presents with respiratory symptoms. The challenges can come from 3 sides, including the patient, the doctor, and the disease itself. The patient may think that irregular periods are common for women and not worthy of reporting, and she may also be reluctant to report her history of pregnancy and abortion. The doctor may pay little attention to the history of menstruation and pregnancy, and/or has low awareness of the association of choriocarcinoma with respiratory symptoms. The disease itself is uncommon but complicated by its nonspecific, insidious presentation. As found in our literature review of 25 cases (Table [1](#T1){ref-type="table"}), the average time for diagnosis of choriocarcinoma after the onset of symptoms was 5 months (ranging from 5 days to 18 months).

Our case report highlights the importance of a detailed review of the menstrual and pregnant history and a close follow-up of the HCG level in diagnosis and management of choriocarcinoma with lung metastasis. For any woman of childbearing age who present dyspnea, PE, or pulmonary arterial hypertension, the possibility of choriocarcinoma should be considered and the history of menstruation, pregnancy, and abortion should be reviewed in detail. It is essential to measure HCG before commencing chemotherapy, especially biopsy of lesions is highly risky in this very vascular disease.^\[[@R8]\]^ HCG testing plays an important role not only in the diagnosis of choriocarcinoma but also in the evaluation of its prognosis of treatment outcomes. In our case, the HCG level dropped sharply following chemotherapy (Fig. [2](#F2){ref-type="fig"}). Furthermore, the HCG level has been included as a parameter to classify gestational trophoblastic neoplasias by FIGO and guide the selection of chemotherapy regimens for these cancers.^\[[@R6],[@R7]\]^ Some scientists reported that circulating tumor DNA could be detected through simple blood samples and determined the source of HCG-related tumors, which could help doctors diagnose malignant trophoblastic disease early and determine FIGO classifications to guide the selection of chemotherapy.^\[[@R6],[@R29]\]^

Our case report also highlights the important role of chemotherapy in the treatment of choriocarcinoma. Like all gestational trophoblastic neoplasias, choriocarcinoma cells have short doubling times and are highly sensitive to chemotherapy, which implies that early chemotherapy is essential to reduce manifestations, prevent progression, and achieve the best possible outcome.^\[[@R22]\]^ The guideline of European Society for Medical Oncology suggested that gestational trophoblastic neoplasias is treated on clinical, rather than pathological.^\[[@R8]\]^ In our case, choriocarcinoma was not diagnosed in its early stage, which delayed the chemotherapy for more than 4 months. After admission to our hospital, 1 course of EMA-CO chemotherapy resulted in substantial improvement in symptoms and a significant decrease in the HCG level and pulmonary artery pressure, though the patient showed bone marrow inhibition, could not continue further chemotherapy, and finally died after discharging. The benefit of chemotherapy in treatment of choriocarcinoma is strongly supported by our review of 25 cases in the literature in which all 17 cases receiving chemotherapy showed complete recovery while 6 of 8 cases without chemotherapy died during hospitalization.

If the patients of choriocarcinoma with PE are in an unstable hemodynamic situation, appropriate chance of chemotherapy became difficult. Chung et al^\[[@R14]\]^ reported a case, with the supporting of extracorporeal membrane oxygenation, accepted chemotherapy successfully and got a good outcome. In the 10th edition guideline of American College of Chest Physician, LMWH treatment remains the first preferred medication for cancer patients with deep vein thrombosis or PE, and direct oral anticoagulants (DOACs) or warfarin is recommended for patients not suitable for LMWH treatment.^\[[@R30]\]^ The emergence of DOACs in recent years has brought new hope to cancer patients with thromboembolism, which have the advantages of more convenient administration, no need to monitor coagulation function, and less drug interactions.^\[[@R31]\]^ it is worthwhile to explore appropriate anticoagulation for such patients with choriocarcinoma and PE.

4. Conclusion
=============

We presented an unusual case of choriocarcinoma accompanied with PE. This case report, together with the literature review of 25 similar cases, illustrates the challenges in diagnosis of choriocarcinoma presenting with respiratory symptoms, and highlights the importance of early diagnosis and timely appropriate chemotherapy in this disease. Physicians should have a high awareness of the association of choriocarcinoma with respiratory symptoms in women at the reproductive age.
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Abbreviations: DOACs = direct oral anticoagulants, ECMO = extracorporeal membrane oxygenation, HCG = human chorionic gonadotropin, PE = pulmonary embolism.
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